Introduction
[2] To understand the Tibet-Himalayan orogeny, extensive international efforts in the form of three INDEPTH (International Deep Profiling of Tibet and the Himalaya) profiles across important geologic features such as IndusTsangpo Suture, Banggong-Nujiang Suture (BNS), Kunlun Fault yielded invaluable information about the structure and deformation of this exotic landmass. Data collected along these profiles starting from Lhasa in south through Qiantang close to the Tsaidam basin in north placed some constraints on the plausible models of evolution of this region. Results from reflection-profiling and receiver functions clearly bring out images that show India underthrusting southernmost Tibet along a decollement with a gentle northward dip [Zhao et al., 1993; Schulte-Pelkum et al., 2005] . However, the northern limit of the subducted Indian plate still remains to be resolved. Seismic anisotropy measurements from an earlier Franco-Chinese expedition in the Tethyan Himalayas and South Lhasa block together with the recent results from the first two INDEPTH profiles in this region yield varied estimates of polarization anisotropy [Hirn et al., 1995; McNamara et al., 1994; Sandvol et al., 1997] . In general it is observed that anisotropy is more pronounced close to the BNS and further north with delay times as high as 2.0s. However, SKS analysis using data from INDEPTH III profile [Huang et al., 2000] reveal negligible splitting south of BNS. These results gave rise to diverging views on the source of anisotropy and hence on how the Indian and Eurasian lithospheres interact. The recent N-S compression of the Asian lithosphere is argued as the main causative for the observed seismic anisotropy by McNamara et al. [1994] . Based on the nature of correlation between SKS splitting observations and surface deformation field derived from GPS and quaternary fault slip data [Holt, 2000; Flesch et al., 2005] , attempts have been made to discriminate whether the source of anisotropy beneath Tibet lies within the lithosphere or is due to asthenospheric flow. The model of coherent deformation of the Tibetan mantle lithosphere is invoked tacitly assuming that the Indian lithosphere is isotropic [Holt, 2000] . Anisotropic measurements from the Indian shield, however, remain sparse and restricted to mostly analogue measurements of anisotropy [e.g., Ramesh et al., 1996] . On the other hand, accepting that strong anisotropy exists in the Indian shield [Ramesh et al., 1996] , absence of anisotropy in southern Tibet is explained invoking sub-vertical axis of symmetry in an abnormally thick downwelling Indian lithosphere resulting in apparent transverse isotropy [Sandvol et al., 1997] . Another distinct possibility could be that the underthrusting Indian lithosphere lacks coherent LPO fabric. This prompted some workers [e.g., Chen and Ozalaybey, 1998 ] to speculate that onset of significant anisotropy in central Tibet marks the hitherto elusive northern boundary of the Indian lithosphere. Such an important conclusion was arrived at, based on just two null measurements at Hyderabad in south India and Shillong close to the Himalaya, leading to the belief that the Indian lithosphere is indeed devoid of anisotropy. An important reason for the seemingly conflicting conclusions on Himalayan-Tibet orogeny is due to lack of precise knowledge regarding the inherent seismic anisotropy of the Indian shield prior to its participation in this continent collision. Hence the key issue is to understand the nature of seismic anisotropy of the Indian lithosphere and recognize whether the source of anisotropy lies in the lithosphere or asthenosphere.
[3] In this direction, we make an attempt to capture the anisotropic signatures of the northeast Indian lithosphere using the SKS and SKKS waveforms from stations located in the a) eastern Himalaya b) Himalayan fore-deep c) IndoBurma convergence zone and d) Shillong plateau and Mikir Hills away from the convergent margins. Data from these digital broadband stations provided the necessary first reliable database to investigate seismic anisotropy, in the region within and south of the Himalaya.
Data and Method of Analysis
[4] The data used in the present study are from the seismic stations at Tezpur (TEZ), Jogighopa (JPA) in Assam Valley, Bhairabkunda (BKD), Seijosa (SJA), Rupa (RUPA) in Sub-Himalayas, Dokmukh (DMK) on Mikir Hills, Manikganj (MND), Nangalbibra (NGB) at the northwestern fringe of the Shillong plateau, Imphal (IMP) and Aizwal (AZL) both in the Indo-Burmese convergence zone (Figure 1 ). Waveforms from earthquakes with body wave magnitudes !5.5 in the epicentral distance range of 85-145°are used in this study. In order to distinguish splitting caused by anisotropy from noise, a band-pass filter of 0.08 to 0.2 Hz is used to enhance the dominant period of the SKS phase ($8s). A total of 58 SKS and SKKS waveforms from 49 events (see auxiliary material 1 Table S1 ) have good signal to noise ratios on the radial components with clear energy on the transverse components. The number of phases used for this analysis varies from a maximum of 18 at TEZ to a minimum of 2 at AZL (see auxiliary material Table S2 ), in view of the different operation periods that range from 6yrs for TEZ to about 6 months for stations like DMK and SJA. Of all the stations, the relative quality of station SJA is downgraded in view of its location in a noisy environment compared to others. SKS, SKKS phases propagate as P-waves in the outer core and hence are radially polarized and restricted to the radial component in a homogeneous isotropic earth. However, any energy on the transverse component can be attributed to presence of anisotropy or lateral heterogeneity. The diagnostics of ellipticity of particle motion, presence of detectable energy on the T-component seismograms, visually observable time-shifts of the SKS/SKKS phases between the R and T components are seen for most of the waveforms recorded by stations in our study region. In order to obtain the delay time between the fast and slow waves (dt) and the polarization angle (F) we follow the method described by Silver and Chan [1991] and search the 2D parameter space of F, dt for the pair that minimizes the energy on the transverse component. The quality of our results is validated by the linearization of the originally elliptical particle motion in the horizontal plane after accounting for the observed anisotropy (Figure 2 ). An error of more than 0.6s for delay times and $25°for the polarization angle of individual measurements are not considered. The measurements with delay time errors larger than half of the delay time itself are also discarded.
Results
[5] A total of 58 shear splitting measurements are obtained from 10 stations located on various tectonic regions in northeast India. The individual values of F, dt at each station are plotted in Figure 1 while the values obtained using the stacking procedure of Wolfe and Silver [1998] [6] Stations TEZ in the foredeep region and DMK away from the active collision zone yield fast polarization directions close to E-W, but show disparate delay times. In general, the energy contours of the grid search reveal well-constrained nature of the results at all the stations. Figure 3 shows such an example at TEZ. Two of the three events recorded at station DMK consistently show delay times of 1.6s. However an event from an entirely different back-azimuth of 218°yields a delay time of only 0.6s. Whether such a drastic change in delay times is a result of two layers of anisotropy can only be ascertained by more observations. The observed fast polarization directions at stations JPA and MND on the northwestern fringe of Shillong plateau region are close to NE, with delay times of 1.5 and 1.8s respectively. Close to the southern edge of the plateau five consistent fast splitting directions at NGB are oriented parallel to the strike of the deep seated Dauki fault in its close vicinity, with delay times close to 0.8s.
[7] Further north of TEZ, in the sub-Himalaya, stations BKD, SJA lie in the vicinity of E-W trending Main Boundary Thrust (MBT). These two stations comprise the first sitings on the Indian side of the Himalaya. Although station BKD is slightly noisy, three measurements show consistent fast directions of $83°with delay times of 0.9s. In contrast, station SJA to the east yields two wellconstrained measurements with delay times of 1.5s and 1.7s. Further north of stations BKD and SJA, station RUPA located close to the Main Central Thrust (MCT) yields valuable results within the Himalayan collision zone. The fast polarization directions from 11 measurements are in E-W direction coincident with the general strike of the Himalayan arc, with delay times centered at 0.7s. Three events show greater delay times of 1.1 to 1.3 s.
[8] Seven measurements for station Imphal and two for Aizwal located within the so called active convergence zone on the eastern margin of the Indian plate, yield fast anisotropic directions close to 14°and 15°($N-S), with delay times between 0.5 to 1.7s. A delay time of 0.5s is obtained only for one event for station IMP while the rest vary between 0.9s and 1.4s. The two measurements for station AZL show delay times of 1.1s and 1.0s.
Discussion
[9] Central to interpretation of the observed fast anisotropic directions in any area are their sub-parallel alignments either to the direction of major geologic fabric/strike in a region or the absolute plate motion direction [Silver and Chan, 1991] . In northeast India, the major structural trends are predominantly E-W, for example, MCT, MBT, Brahmaputra lineament, Dauki Fault and Raibah Fault with smaller structures like the Kopili lineament, Kulsi fault, Dudhani fault striking nearly N-S [Nandy, 2001] .
[10] Presence of detectable anisotropy in the Indian shield and understanding its source has important implications on the India-Eurasia collision. In case the Indian shield was isotropic, any anisotropy found in Tibet would only be due to finite strain within the Tibetan mantle [Holt, 2000] . On the other hand, measurable anisotropy of the Indian continent can either be due to asthenospheric flow or internal deformation of the lithosphere through finite strain. These Figure 2 . Examples of splitting observations at stations RUPA, BKD, SJA, DMK, JPA, MND, NGB, IMP, AZL with back-azimuth and delta given respectively in brackets. For each station, panels a and b correspond to the original and anisotropy corrected horizontal particle motion diagram for fast and slow components respectively, while c and d show the original and corrected radial components together with the corresponding transverse components. could be discriminated based on the correlation of azimuth of fast axis with the local geologic strike directions and absolute plate motion direction. Consequently, the anisotropic character of the Indian lithosphere would be subjected to modification upon collision resulting in subdued or reduced anisotropy in southern Tibet, as previously reported [Huang et al., 2000; Sandvol et al., 1997] .
[11] The results presented in Figure 1 reveal three distinct directions of anisotropy: E-W within the Himalaya and its foredeep; N-S in the Indo-Burma convergence zone and NE-SW associated with the Shillong plateau. Anisotropy of the Indian lithosphere in this region is contrary to the earlier findings in southernmost Tibet using data from INDEPTH profiles [Sandvol et al., 1997; McNamara et al., 1994; Hirn et al., 1995] .
[12] Lab experiments on olivine show that the [100] axes of these crystals tend to align with the maximum shear direction at high temperatures, for strains exceeding 50% [Zhang and Karato, 1995] . Such LPO behavior of olivine should align the direction of fast polarization along the plane of maximum shear in the mantle [e.g., Holt, 2000] . A sustained N-S compression due to Indo-Eurasia collision would produce E-W oriented maximum shear planes coinciding with the fast polarization direction. The observed E-W fast axis of anisotropy for the Himalaya and foredeep together with the predominantly E-W striking geologic fabric in these regions indeed argue in favor of lithospheric strain (induced by collision) as the primary cause for forging the observed E-W anisotropy. Also, this direction of anisotropy is consistent with calculations of finite deformation of the Asian lithosphere as a consequence of indentation of the Indian plate, where the orientations of the fast polarization directions are aligned with the principal axis of elongation [Davis et al., 1997] . An E-W anisotropy parallel to the strike of the Himalaya is also in agreement with the observations from most mountain belts where the dominant direction of relative motion between the colliding plates is parallel to the trend of the belt [Vauchez and Nicolas, 1991] . Interestingly, the magnitude of this E-W anisotropy is <1s for most measurements and such a trend seems to continue further north up to BNS beyond which anisotropy picks up reaching values >2s.
[13] Within the Indo-Burmese convergence zone, the observed N-S directed anisotropy corroborates with the expected E-W convergence evidenced by the trends of the Indo-Burman ranges. Mantle flow parallel to the trench has been suggested for some subduction zones both within and below the slab [Fouch and Fischer, 1996] . If this mechanism is applicable to this region, the N-S anisotropy can be explained invoking the asthenospheric flow model. On the other hand, presence of large scale strike slip faults, like Sagaing, trending N-S and the unique predominance of strike-slip earthquakes within the first 90km of the subducted slab [Rao and Kumar, 1999] suggest that the present direction of maximum shear is dominantly N-S. A N-S oriented anisotropy is then consistent with the lithospheric deformation rather than asthenospheric flow. However, there has been a considerable debate over the continuance of subduction in the Burmese arc region. Recently, Rao and Kumar [1999] conclusively argued for a cessation of E-W subduction in the recent geological past. In this context, the N-S fast direction at Imphal and Aizwal can also be explained as a reflection of strain induced by N-S directed plate motion of India with respect to Eurasia. Away from the actively deforming margins, in the Shillong plateau region, the NE oriented fast directions with large delay times ($1.8s) for stations JPA and MND coincide with the direction of absolute plate motion (APM) of the Indian plate in a no net rotation reference frame. This alignment with the APM direction implies that the source for the observed anisotropy is due to asthenospheric flow as opposed to lithospheric strain. Station NGB shows two different fast axis directions (45°and 78°) derived from different back-azimuth ranges. One measurement with a fast axis direction close to NE suggests a causative similar to that invoked for JPA and MND. 
